DRAFT PERFORVMANCE SPECI FI CATION 12 -- Specifications and test
procedures for total nercury continuous nonitoring systens in
stationary sources
1. Applicability and Principle

1.1 Applicability. This specification is to be used for
eval uating the acceptability of total mercury continuous em ssion
nmonitoring systens (CEMS) at the tinme of or soon after installation
and whenever specified in the regul ations. The CEMS nust be
capable of neasuring the total concentration (regardless of
speci ation) of both vapor and solid phase nercury. The CEMS may
include, for certain stationary sources, a) a diluent (O) nonitor
(which must neet its own performance specifications: 40 CFR part
60, Appendi x B, Performance Specification 3), b) flow nonitoring
equi prrent to all ow neasurenent of the dry volunme of stack effluent
sanpl ed, and c) an automatic sanpling system

This specification is not designed to evaluate the installed
CEMS' performance over an extended period of time nor does it
identify specific calibration techniques and auxiliary procedures
to assess the CEMS' performance. The source owner or operator
however, is responsible to properly calibrate, maintain, and
operate the CEMs. To evaluate the CEMS performance, the
Adm ni strator may require, under Section 114 of the Act, the
operator to conduct CEMS performance evaluations at other tines
besides the initial test.

1.2 Princi pl e. Installation and neasurenent |ocation



specifications, performance specifications, test procedures, and
data reduction procedures are included in this specification.
Reference nethod tests, calibration error tests, and calibration
drift tests, and interferant tests are conducted to determ ne
conformance of the CEMS with the specification. Calibration error
is assessed with standards for elenental nercury (Hg(0)) and
mercuric chloride (HgC 2). The ability of the CEMS to provide a
measure of total mercury (regardl ess of speciation and phase) at
the facility at which it is installed is denonstrated by conparison
to manual reference nmethod nmeasurenents.

2. Definitions

2.1 Continuous Emssion Mnitoring System (CEMS). The total
equi pment required for the determnation of a pollutant
concentrati on. The system consists of the followng major
subsyst ens:

2.1.1 Sanple Interface. That portion of the CEMS used for
one or nore of the followng: sanple acquisition, sanple
transport, and sanple conditioning, or protection of the nonitor
fromthe effects of the stack effluent.

2.1.2 Pollutant Analyzer. That portion of the CEMS that
senses the pollutant concentration(s) and generates a proportional
out put .

2.1.3 Dluent Analyzer (if applicable). That portion of the
CEMS that senses the diluent gas (O) and generates an out put

proportional to the gas concentration.



2.1.4 Data Recorder. That portion of the CEMS that provides
a permanent record of the analyzer output. The data recorder may
provi de automatic data reduction and CEMS control capabilities.

2.2 Poi nt  CEMB. A CEM5S that neasures the pollutant
concentrations either at a single point or along a path equal to or
| ess than 10 percent of the equivalent dianeter of the stack or
duct cross section.

2.3 Pat h CEMS. A CEM5 that neasures the pollutant
concentrations along a path greater than 10 percent of the
equi val ent di aneter of the stack or duct cross section.

2.4 Span Value. The upper limt of a pollutant concentration
measur enent range defined as twenty tines the applicable em ssion
limt. The span val ue shall be docunented by the CENM5S manufacturer
with | aboratory data.

2.5 Relative Accuracy (RA). The absolute nean difference
bet ween the pollutant concentration(s) determ ned by the CEMS and
the value determned by the reference nethod (RM plus the 2.5
percent error confidence coefficient of a series of tests divided
by the nean of the RMtests or the applicable emssion [imt.

2.6 Calibration Drift (CD). The difference in the CEMS
out put readings fromthe established reference value after a stated
period of operation during which no unschedul ed maintenance,
repair, or adjustnent took place.

2.7 Zero Drift (ZD). The difference in the CEMS output

readings for zero input after a stated period of operation during



whi ch no unschedul ed nai nt enance, repair, or adjustnent took place.

2.8 Representative Results. Defined by the RA test procedure
defined in this specification.

2.9 Response Tinme. The tinme interval between the start of a
step change in the systeminput and the tinme when the pollutant
anal yzer output reaches 95 percent of the final val ue.

2.10 Centroidal Area. A concentric area that s
geonetrically simlar to the stack or duct cross section and is no
greater than 1 percent of the stack or duct cross sectional area.

2.11 Batch Sanpling. Batch sanpling refers to the technique
of sanpling the stack effluent continuously and concentrating the
pollutant in sone capture nmedium Analysis is perforned
periodically after sufficient time has el apsed to concentrate the
pollutant to | evels detectable by the anal yzer.

2.12 Calibration Standard. Calibration standards consist of
a known amount of pollutant that is presented to the pollutant
anal yzer portion of the CEMS in order to calibrate the drift or
response of the anal yzer. The calibration standard may be, for
exanpl e, a solution containing a known concentration, or a filter
with a known mass | oadi ng or conposition.

2.13 Calibration Error (CE). The difference between the
concentration indicated by the CEMs and the known concentration
generated by a calibration source when the entire CEMS, i ncluding
the sanpling interface) is challenged. A CE test procedure is

performed to docunent the accuracy and linearity of the CEMS over



the entire nmeasurenent range.
3. Installation and Measurement Location Specifications

3.1 The CEMs Installation and neasurenent |ocation. Instal
the CEMS at an accessible |ocation downstream of all pollution
control equi prent where the nmercury concentration nmeasurenents are
directly representative or can be corrected so as to be
representative of the total em ssions fromthe affected facility.
Then select representative neasurenent points or paths for
monitoring in locations that the CEMS will pass the RA test (see
Section 7). If the cause of failure to neet the RA test is
determned to be the neasurenent |ocation and a satisfactory
correction technique cannot be established, the Adm nistrator may
require the CEMS to be rel ocat ed.

Measurenment | ocations and points or paths that are nost |ikely
to provide data that will neet the RA requirenents are |isted
bel ow.

3.1.1 Measurenent Location. The nmeasurenent |ocation should
be (1) at |east eight equivalent dianeters downstream of the
nearest control device, point of pollutant generation, bend, or
ot her point at which a change of pollutant concentration or flow
di sturbance may occur and (2) at |east two equivalent dianeters
upstream fromthe effluent exhaust. The equival ent duct dianeter
is calculated as per 40 CFR part 60, Appendix A, Mthod 1, Section
2. 1.

3.1.2 Point CEMs. The neasurenent point should be (1) no



less than 1.0 neter fromthe stack or duct wall or (2) within or
centrally located over the centroidal area of the stack or duct
Cross section. Selection of traverse points to determne the
representativeness of the neasurenent |ocation should be nade
according to 40 CFR part 60, Appendix A, Method 1, Section 2.2 and
2. 3.

3.1.3 Path CEMs. The effective neasurenent path should be
(1) totally within the inner area bounded by a line 1.0 nmeter from
the stack or duct wall, or (2) have at |east 70 percent of the path
within the inner 50 percent of the stack or duct cross sectiona
area, or (3) be centrally located over any part of the centroidal
ar ea.

3.2 Reference Method (RM Measurenent Location and Traverse
Points. The RM neasurenent |ocation should be (1) at |east eight
equi val ent di aneters downstream of the nearest control device,
poi nt of pollutant generation, bend, or other point at which a
change of pollutant concentration or flow di sturbance may occur and
(2) at least two equivalent dianeters upstream from the effluent
exhaust. The RM and CEMS | ocati ons need not be the sane, however
the difference may contribute to failure of the CEM5S to pass the RA
test, thus they should be as close as possible wthout causing
interference with one another. The equival ent duct dianeter is
cal cul ated as per 40 CFR part 60, Appendix A, Method 1, Section
2.1. Selection of traverse neasurenent point |ocations should be

made according to 40 CFR part 60, Appendix A Mthod 1, Sections



2.2 and 2.3. If the RM traverse line interferes with or is
interfered by the CEMS neasurenents, the line nmay be displaced up
to 30 cm (or 5 percent of the equivalent dianmeter of the cross
section, whichever is less) fromthe centroidal area.

4. Performance and Equipment Specifications

4.1 Data Recorder Scale. The CEMS data recorder response
range nust include zero and a high |level value. The high |eve
val ue nmust be equal to the span value. [If a lower high | evel value
is used, the CEMS nust have the capability of providing multiple
outputs with different high |level values (one of which is equal to
t he span value) or be capable of automatically changing the high
| evel value as required (up to the span value) such that the
nmeasur ed val ue does not exceed 95 percent of the high | evel value.

4.2 Relative Accuracy (RA). The RA of the CEMS nust be no
greater than 20 percent of the nean value of the RMtest data in
terms of units of the em ssion standard, or 10 percent of the
appl i cabl e standard, whichever is greater.

4.3 Calibration Error. Calibration error is assessed using
standards for Hg(0) and Hgd 2. The nmean difference between the
i ndi cated CEMS concentration and the reference concentration val ue
for each standard at all three test levels listed bel ow shall be no
greater than x15 percent of the reference concentration at each
| evel .

4.3.1 Zero Level. Zero to twenty (0 - 20) percent of the

emssion limt.



4.3.2 Md-Level. Forty to sixty (40 - 60) percent of the
emssion limt.

4.3.3 High-Level. Ei ghty to one-hundred and twenty (80 -
120) percent of the emssion limt.

4.4 Calibration Drift. The CEMS design nust allow the
determ nation of calibration drift of the pollutant analyzer at
concentration |levels comensurate with the applicable em ssion
standard. The CEMS calibration may not drift or deviate fromthe
reference value (RV) of the calibration standard by nore than 10
percent of the emssion |limt. The calibration shall be perforned
at a level equal to 80 to 120 percent of the applicable em ssion
st andar d. Calibration drift shall be evaluated for elenental
mercury only.

4.5 Zero Drift. The CEMS design nust allow the determ nation
of calibration drift at the zero level (zero drift). The CEMS zero
point shall not drift by nore than 5 percent of the em ssion
st andar d.

4.6 Sanpling and Response Tine. The CEMS shall sanple the
stack effluent continuously. Averaging tinme, the nunber of
measurenents in an average, and the averaging procedure for
reporting and determning conpliance shall conform with that
specified in the applicable em ssion regul ation.

4.6.1 Response Tine. The response tine of the CEMS should
not exceed 2 mnutes to achieve 95 percent of the final stable

val ue. The response time shall be docunented by the CEMS



manuf act ur er.

4.6.2 Waiver from Response Tinme Requirenent. A source owner
or operator may receive a waiver fromthe response tine requirenent
for instantaneous, continuous CEMS in section 4.5.1 fromthe Agency
if no CEMis available which can neet this specification at the
time of purchase of the CEMS

4.6.3 Response Time for Batch CEMs. The response tine
requi rement of Section 4.5.1 does not apply to batch CEMB. | nstead
it is required that the sanpling tinme be no | onger than one third
of the averaging period for the applicable standard. |In addition,
the del ay between the end of the sanpling tine and reporting of the
sanpl e analysis shall be no greater than one hour. Sanpling is
al so required to be continuous except in that the pause in sanpling
when the sanple collection nedia are changed should be no greater
than five percent of the averaging period or five mnutes,
whi chever is |ess.

4.7 CEM5 Interference Response. Wiile the CEMS is neasuring
the concentration of nmercury in the high-level calibration sources
used to conduct the CE test the gaseous conmponents (in nitrogen)
listed in Table I shall be introduced into the neasurenent system
either separately or in conbination. The interference test gases
must be introduced in such a way as to cause no change in the
mercury or nercuric chloride calibration concentration being
delivered to the CEM5. The concentrations listed in the table are

the target levels at the sanmpling interface of the CEMS based on



the known cylinder gas concentrations and the extent of dilution
(see Section 9). Interference is defined as the difference between
the CEMS response with these conponents present and absent. The
sum of the interferences nust be less than 10 percent of the
emssion limt value. |If this level of interference is exceeded,
then corrective action to elimnate the interference(s) nust be

t aken.



Table 1
Interference Test Gas Concentrations in N trogen

Gas Concentration
Car bon Monoxi de 500 = 50 ppm
Car bon Di oxi de 10 £ 1 percent
Oxygen 20.9 £ 1 percent
Sul fur D oxi de 500 = 50 ppm

Ni t rogen Di oxi de 250 + 25 ppm
Wat er Vapor 25 £+ 5 percent
Hydr ogen Chl oride (HCO) 50 £ 5 ppm
Chlorine (d 2) 10 + 1 ppm

4.8 Calibration Source Requirenents for Assessnent of
Calibration Error. The calibration source nust permt the
i ntroduction of known (NI ST traceabl e) and repeatabl e
concentrations of elenmental nmercury (Hg(0)) and nercuric chloride
(Hgd 2) into the sanpling systemof the CEMS. The CEMsS
manuf act urer shall docunent the performance of the calibration
source, and submt this docunentation and a calibration protocol
to the admnistrator for approval. Determ nation of CEMS
calibration error nust then be nmade in using the approved
calibration source and in accordance with the approved protocol.

4.8.1 Design Considerations. The calibration source nust
be designed so that the flowate of calibration gas introduced to
the CEM5 is the sane at all three calibration |levels specified in
Section 4.3 and at all tines exceeds the flow requirenents of the

CEME.



4.8.2 Calibration Precision. A series of three injections
of the sanme calibration gas, at any dilution, shall produce
results which do not vary by nore than 5 percent fromthe nmean
of the three injections. Failure to attain this |evel of
precision is an indication of a problemin the calibration system
or the CEMS. Any such problem nust be identified and corrected
bef ore proceedi ng.

5. Performance Specification Test Procedure

5.1 Pretest Preparation. Install the CEMS and prepare the
RMtest site according to the specifications in Section 3, and
prepare the CEMS for operation according to the manufacturer's
witten instructions.

5.2 Calibration and Zero Drift Test Period. Wile the
affected facility is operating at nore than 50 percent of normal
| oad, or as specified in an applicable subpart, determ ne the
magni tude of the calibration drift (CD) and zero drift (ZD) once
each day (at 24-hour intervals) for 7 consecutive days according
to the procedure given in Section 6. To neet the requirenents of
Sections 4.4 and 4.5 none of the CD's or ZD s nmay exceed the
specification. Al CD determ nations nust be nmade follow ng a
24-hour period during which no unschedul ed nai nt enance, repair,
or manual adjustnent of the CEMS took place.

5.3 CE Test Period. Conduct a CE test prior to the CD test
period. Conduct the CE test according to the procedure given in

Section 8.



5.4 CEMS Interference Response Test Period. Conduct an
interference response test in conjunction with the CE test
according to the procedure given in Section 9.

5.5 RA Test Period. Conduct a RAtest followi ng the CD
test period. Conduct the RA test according to the procedure
given in Section 7 while the affected facility is operating at
nore than 50 percent of normal |oad, or as specified in the
appl i cabl e subpart.

6.0 The CEMS Calibration and Zero Drift Test Procedure

This performance specification is designed to all ow
calibration of the CEMS by use of standard solutions, filters,
etc that challenge the pollutant analyzer part of the CEMS (and
as nmuch of the whole system as possible), but which do not
chal l enge the entire CEMS, including the sanpling interface.
Satisfactory response of the entire systemis covered by the RA
and CE requirenents.

The CD nmeasurenment is to verify the ability of the CEMS to
conformto the established CEMS calibration used for determ ning
the em ssion concentration. Therefore, if periodic automatic or
manual adjustnents are made to the CEMS zero and cali bration
settings, conduct the CD test immedi ately before the adjustnents,
or conduct it in such a way that the CD and ZD can be determ ned.

Conduct the CD and ZD tests at the points specified in
Sections 4.4 and 4.5. Record the CEMS response and cal cul ate the

CD according to:
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where CD denotes the calibration drift of the CEMS in percent,
Rew 1S the CEMS response, and R, is the reference value of the

high |l evel calibration standard. Calculate the ZD according to:

M X 100 , ')
EM

ZD =

where ZD denotes the zero drift of the CEMS in percent, Rgy 1S
the CEMS response, R, is the reference value of the |ow | evel
calibration standard, and Ry, is the emssion limt val ue.
7. Relative Accuracy Test Procedure

7.1 Sanpling Strategy for RA Tests. The RA tests are to
verify the initial performance of the entire CEMS system
i ncluding the sanpling interface, by conparison to RM
measurenents. Conduct the RM neasurenents in such a way that
they will yield results representative of the em ssions fromthe
source and can be correlated to the CEMS data. Although it is
preferable to conduct the diluent (if applicable), noisture (if
needed), and pollutant neasurenents simultaneously, the dil uent
and noi sture neasurenents that are taken within a 30- to 60-
m nute period, which includes the pollutant neasurenents, nay be
used to calculate dry pollutant concentration.

A neasure of relative accuracy at a single level that is



detectabl e by both the CEMS and the RMis required.

In order to correlate the CEMS and RM data properly, note
t he begi nning and end of each RMtest period of each run
(including the exact tinme of day) in the CEMS data | og.

7.2 Correlation of RMand CEMS Data. Correlate the CEMS
and RMtest data as to the time and duration by first determ ning
fromthe CEMS final output (the one used for reporting) the
i ntegrated average pollutant concentration for each RMtest
period. Consider systemresponse tine, if inportant, and confirm
that the pair of results are on a consistent noisture,
tenperature, and diluent concentration basis. Then conpare each
i ntegrated CEMS val ue agai nst the correspondi ng average RM val ue.

7.3 Nunber of tests. Cbtain a mninmumof three pairs of
CEMS and RM neasurenents. |If nore than nine pairs of
measurenents are obtained, then up to three pairs of neasurenents
may be rejected so long as the total nunber of neasurenent pairs
used to determne the RAis greater than or equal to nine.
However, all data, including the rejected data, nust be
reported.

7.4 Reference Methods. Unless otherwi se specified in an
appl i cabl e subpart of the regulations, Method 3B, or its approved
alternative, is the reference nethod for diluent (Q)
concentration. Unless otherwi se specified in an applicable
subpart of the regulations, the manual nethod for nulti-netals in

40 CFR part 266, Appendix I X, Section 3.1 (until superseded by



SW846), or its approved alternative, is the reference nethod for
nmercury.

7.5 Calculations. Sunmarize the results on a data sheet.
An exanple is shown is shown in Figure 2-2 of 40 CFR part 60,
Appendi x B, Performance Specification 2. Calculate the nean of
the RMvalues. Calculate the arithnetic differences between the
RM and CEMS out put sets, and then cal cul ate the nean of the
differences. Calculate the standard devi ation of each data set
and CEMS RA using the equations in Section 10.

8. Calibration Error Test Procedure

8.1 Sanpling Strategy. The CEMS calibration error shall be
assessed using calibration sources of elenental nercury and
mercuric chloride in turn (see Section 4.8 for calibration source
requi renents). Challenge the CEMS at the neasurenent |evels
specified in Section 4.3. During the test, operate the CEMS as
nearly as possible in its normal operating node. The calibration
gases should be injected into the sanpling systemas close to the
sanpling probe outlet as practical and shall pass through al
filters, scrubbers, conditioners, and other nonitor conponents
used during normal sanpling.

8.2 MNunmber of tests. Challenge the CEMS three non-
consecutive tines at each nmeasurenent point and record the
responses. The duration of each challenge should be for a
sufficient period of tine to ensure that the CEVMS surfaces are

condi tioned and a stabl e out put obtained.



8.3 Calculations. Summarize the results on a data sheet.
Cal cul ate the nean difference between the CEMS response and the
known reference concentration at each neasurenent point according
to equations 5 and 6 of Section 10. The calibration error (CE)

at each neasurenment point is then given by:

CE = *d/ R,* X100, ©))

where R, is the reference concentration val ue.
9. Interference Response Test Procedure

9.1 Test Strategy. Performthe interference response test
while the CEMS is being challenged by the high level calibration
source for nercury (after the CE determ nation has been nade),
and again while the CEMS is being challenged by the high |evel
calibration source for nercuric chloride (after the CE
determ nation has been nade). The interference test gases should
be injected into the sanpling systemas close to the sanpling
probe outlet as practical and shall pass through all filters,
scrubbers, conditioners, and other nonitor conponents used during
nor mal sanpling.

9.2 Nunber of tests. Introduce the interference test gas
three tines alternately with the high-level calibration gas and
record the responses both with and without the interference test
gas. The duration of each test should be for a sufficient period
of time to ensure that the CEMS surfaces are conditioned and a

st abl e out put obt ai ned.



9.3 Calculations. Summarize the results on a data sheet.
Cal cul ate the nean difference between the CEMS response with and
w thout the interference test gas by taking the average of the
CEMS responses with and without the interference test gas (see
equation 5) and then taking the difference (d). The percent

interference (lI) is then given by:

I =~*d/ R, * X100, 4)

where R, is the value of the high-level calibration standard.
| f the gaseous conponents of the interference test gas are
i ntroduced separately, then the total interference is the sum of
t he individual interferences.
10. Equations

10.1 Arithnetic Mean. Calculate the arithnmetic nmean of a
data set as foll ows:

- 13, O

i=1

where n is equal to the nunber of data points.
10.1.1 Calculate the arithnmetic nean of the difference, d,

of a data set, using Equation 5 and substituting d for x. Then

d, =%, -y, . (6)

where x and y are paired data points fromthe CEM5S and RM

respectively.



10.2 Standard Deviation. Calculate the standard devi ati on

(SD) of a data set as follows:

5]

10.3 Relative Accuracy (RA). Calculate the RA as foll ows:

t
d + 0975 (SD)

RA = J/n (3)

ﬁRM

where d is equal to the arithnmetic nean of the difference, d,

of the paired CEMS and RM data set, cal cul ated according to

Equations 5 and 6, SDis the standard deviation cal cul ated

according to Equation 7, R_, is equal to either the average of

the RM data set, calculated according to Equation 5, or the val ue
of the em ssion standard, as applicable (see Section 4.2), and
toos IS the t-value at 2.5 percent error confidence, see Table



TABLE 11

t - Val ues
n2 to 975 n2 to 975 n2 to 975
2 12. 706 7 2.447 12 2.201
3 4. 303 8 2. 365 13 2.179
4 3.182 9 2. 306 14 2.160
5 2.776 10 2.262 15 2.145
6 2.571 11 2.228 16 2.131

2 The values in this table are already corrected for n-1 degrees
of freedom Use n equal to the nunber of individual values.

11. Reporting

At a mninmum (check with the appropriate regional office, or
State, or local agency for additional requirenents, if any)
summarize in tabular formthe results of the CE, interference
response, CD and RA tests. Include all data sheets,
cal cul ations, and records of CEMS response necessary to
substantiate that the performance of the CEMS net the performance
speci fications.

The CEMS neasurenents shall be reported to the agency in
units of pg/nf on a dry basis, corrected to 20EC and 7 percent G,
12. Bibliography

1. 40 CFR Part 60, Appendix B, "Performance Specification 2
- Specifications and Test Procedures for SO, and NQ, Conti nuous
Em ssion Mnitoring Systens in Stationary Sources."

2. 40 CFR Part 60, Appendix B, "Performance Specification 1

- Specification and Test Procedures for Qpacity Continuous



Em ssion Mnitoring Systens in Stationary Sources."

3. 40 CFR Part 60, Appendix A, "Method 1 - Sanple and
Vel ocity Traverses for Stationary Sources."

4. 40 CFR Part 266, Appendix | X, Section 2, "Performance
Specifications for Continuous Em ssion Mnitoring Systens."

5. Draft Method 29, "Determ nation of Metals Em ssions from
Stationary Sources," Docket A-90-45, Itemll-B-12, and EMII C CTM
012. WPF.

6. "Continuous Em ssion Mnitoring Technol ogy Survey for
Incinerators, Boilers, and Industrial Furnaces: Final Report for
Metals CEM s, " prepared for the Ofice of Solid Waste, U S. EPA,
Contract No. 68-D2-0164 (4/25/94).

7. 40 CFR Part 60, Appendix A, Method 16, “Sem continuous
Determ nation of Sul fur Em ssions from Stationary Sources.”

8. 40 CFR Part 266, Appendix | X, Performance Specification
2.2, “Performance Specifications for Continuous Em ssion
Monitoring of Hydrocarbons for Incinerators, Boilers, and

| ndustrial Furnaces Burning Hazardous Waste.”



